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(54) TiUe: MULTILAYER PLASTIC PIPE AND ITS USE 
(57) Abstract 

The invention relates to a multilayer plastic 
pipe (1), preferably for use in heating systems. The 
multilayer pipe comprises an inner core (2) and a 
barrier layer (6) surrounding the core and preventing 
oxygen diffusion through the multilayered pipe. The 
core (2) is made of a material having viscoelastic 
properties, preferably cross-linked polyethylene, and 
the barrier layer (6) is surrounded by an outer layer 
(8) of a material having adhesive properties. The 
invention also relates to the use of a multilayer pipe 
for providing pipe couplings. 




WO 99/49254 



PCT/SE99/00429 




1/1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 99/00429 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: F16L 9/12 

According to International Patent Classification (IPC) or lo both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: F16L 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SEiDK.FI.NO classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0030091 A2 (WIRSBO BRUKS AKTIEBOLAG) , 

10 June 1981 (10.06.81), page 7, line 1 - line 9, 
figures 1,2 



SE 500665 C2 (WIRSBO BRUKS AB), 1 August 1994 
(01.08.94), figure 1 



DE 3104161 Al (SIEMENS AG), 19 August 1982 
(19.08.82) 



DE 3319515 Al (KABELMETAU ELECTRO GMBH), 
29 November 1984 (29.11.84) 



1,2 



j [ Further documents are listed in the continuation of Box C. | y\ See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not considered 

to be of particular relevance 
"E" eriier document but published on or after the international filing date 

*L* document which may throw doubts on priority claim(s) or which is 
cited to establish the publication dale of another citation or other 
special reason (as specified) 

*0" document referring to an oral disclosure, use, exhibition or other 
means 

"P* document published prior to the international filing date but later than 
the priority dare claimed 



*T" later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X* document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y* document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 



15 June 1999 



Date of mailing of the international search report 



2 3 -07- 1999 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
FacsimilevNo. +46 8 666 02 86 



evrso. 

Form PCT/lfei/210 (second sheet) (July 1992) 



Authorized officer 

Axel Lindhult 

Telephone No. + 46 8 782 25 00 



INTERNATIONAL SEARCH REPORT 




International application No. 


Information on patent family members 


01/06/99 


PCT/SE 99/00429 


Patent document 


Publication 




Patent family 




Publication 


cited in search report 


date 




member(s) 




date 


EP 0030091 A2 


10/06/81 


SE 


0030091 


T3 






AT 


18292 


T 


15/03/86 






CA 


1145272 A 


26/04/83 






DK 


504080 


A 


29/05/81 






FI 


72680 B,C 


31/03/87 






FI 


803630 


A 


29/05/81 






GR 


70044 


A 


26/07/82 






JP 


56127441 A 


06/10/81 ; 






US 


4614208 A 


30/09/86 



SE 



500665 C2 



01/08/94 



AT 


170272 T 


15/09/98 


AU 


690094 B 


23/04/98 


AU 


6047194 A 


29/08/94 


CA 


2155510 A 


18/08/94 


DE 


69412792 D,T 


21/01/99 


EP 


0682758 A,B 


22/11/95 


ES 


2122239 T 


16/12/98 


FI 


953670 A 


01/08/95 


JP 


8506407 T 


09/07/96 


NO 


953055 A 


04/10/95 


NZ 


261640 A 


26/05/97 


PL 


173682 B 


30/04/98 


PL 


309914 A 


13/11/95 


SE 


9300365 A 


01/08/94 


WO 


9418486 A 


18/08/94 



DE 


3104161 


Al 


19/08/82 


NONE 


DE 


3319515 


Al 


29/11/84 


NONE 



Form PCT/ISA/210 (patent family annex) (July 1992) 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote d'lvotrc 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/49254 



PCT/SE99/00429 



MULTILAYER PLASTIC PIPE AND ITS USE 

FIELD OF THE INVENTION 
5 The present invention relates to a multilayer plastic 

pipe, preferably intended for water piping in central heating 
systems. The multilayer pipe comprises an inner core and an 
outer barrier layer which is surrounding the inner core and 
is made of a material which prevents oxygen diffusion through 
10 the multilayered pipe. The invention also relates to the use 
of a multilayer plastic pipe. 

BACKGROUND OF THE INVENTION 

Plastic pipes have previously been used, for example, 

15 for water distribution. Such pipes are preferably made of 
polyolefins, such as cross-linked polyethylene (PEX) , poly- 
propene or polybutylene . Plastic pipes which are to be used 
for water distribution in heating systems, such as for examp- 
le, those for floor heating or for radiator systems, must be 

20 provided with an oxygen barrier layer so as to prevent oxygen 
diffusion into the water and thus causing corrosion on the 
metal components which are part of the heating systems. 

In order to prevent oxygen diffusion through the pipe, 
it is a commonly used method to coat the outer surface of the 

25 pipe with a barrier layer of a material which prevents diffu- 
sion, such as for example, ethylene vinyl alcohol (EVOH) . An 
intermediate layer of an adhesive material, an adhesive 
layer, may be provided between the inner core and the barrier 
layer, said intermediate layer being effective to create or 

30 to increase the adhesion between the inner core, such as a 
PEX-pipe, and the outer barrier layer. 

An advantageous technique for connecting plastic pipes 
with different types of couplings and fittings in water dist- 
ribution systems is previously known, i.a. from SE-C2-500665 

35 and SE-C2 -501555 . The described technique is used for pipe 
couplings for plastic pipes having viscoelastic properties, 
or memory properties, i.e. plastic pipes having a tendency to 
automatically shrink back to their original shape after, for 
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instance, an expansion. A pipe material having this property- 
is, for example, cross-linked polyolefin, especially cross- 
linked polyethylene (PEX) . The mechanical properties of the 
material allows a deformation of the pipe at temperatures as 
5 low as at least -20°C. In order to mount the plastic pipe on 
the pipe coupling, the end of the plastic pipe is expanded 
and a nipple is inserted into the expanded end of the pipe 
and is kept in the pipe until the pipe end shrinks back over 
the nipple. This known technique is advantageous as it is 
10 quick and easy to preform and provides a safe and water-tight 
coupling. 

In accordance with the technique described above, the 
pipes are substantailly expanded in a radial direction. This 
has proven to function very satisfactorily when PEX-pipes are 

15 being used. However, this advantageous coupling technique is 
disadvantageous when it is used on pipes having an oxygen 
barrier layer as described above. In the process of an sub- 
statial, radial expansion of the pipe, cracks may appear in 
the outer barrier layer, said cracks occurring especially at 

20 low temperatures, such as temperatures below about 15°C. The 
cracks which occur in the barrier layer have shown a tendency 
to propagate into the pipe wall during the expansion process 
of the pipe, thus causing pipe fractures leading to leaking 
pipe couplings. 

25 Attempts have been made to solve the above problem by 

modifying know barrier materials. The object has been to try 
to find modified barrier materials which may withstand an 
expansion without cracking. So far, a modified barrier mate- 
rial which provides an acceptable solution to the expansion 

30 cracking problem has not been found. 

SUMMARY OF THE INVENTION 

The object of the present invention is thus to provide a 
solution to the above problem, in that the advantageous coup- 
35 ling technique may be used on the plastic pipes which are 
specially made for use in heating systems. 
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This object has been achieved according to the invention 
by means of a multilayer plastic pipe having the characte- 
rizing features as defined in the claims. 

The inventive solution provides the advantage that the 
5 advantageous coupling technique, which is quick, efficient 
and inexpensive, may be applied to a hole range of different 
pipes. This means that plumbers working with installations at 
the site do not require different couplings for different ty- 
pes of pipes, but may instead use just one type of couplings. 

10 According to the invention the problem has been solved 

by coating the plastic multilayer pipe with an additional 
layer of an adhesive material, an adhesive layer. The ad- 
hesive layer may consist of the same or similar material as 
the intermediate adhesive layer which is applied between the 

1 5 inner core and the barrier layer so as to increase the ad- 
hesion between the layers. The inventive multilayer pipe 
which is coated with an outer adhesive layer can be radially 
expanded without crack formation occurring in the barrier 
layer or in other parts of the pipe wall . 

20 In a plastic pipe having an outer layer, such as a bar- 

rier layer, stress concentrations naturally occur especially 
in the outer layer, when the pipe is expanded. Therefore, 
stress cracks appear mainly in the outer layer and these 
cracks may propagate, as described above, into the pipe wall 

25 during the expansion of the pipe and cause pipe fractures. 
According to the invention the outer barrier layer is coated 
with an additional layer which in itself is sufficiently 
pliable to absorb stress concentrations and which also ad- 
heres to the brittle barrier layer such that this layer is 

30 "supported". This prevents or reduces the tendency to form 
cracks in the pipe wall . 

The mechanical properties of crystalline materials, and 
also of semi -crystalline materials such as for example EVOH, 
depend among other things upon the crystalline structure of 

35 the material. The crystalline structure is dependent upon the 
rate of crystallisation, i.e. the cooling rate. On extrusion 
of a plastic pipe with a barrier layer, the outer layer is 



WO 99/49254 



PCT/SE99/00429 



- 4 - 

exposed directly to ambient air outside the extruder die. An 
extruded pipe with no additional outer layer is subjected to 
rapid cooling and crystallisation. On extrusion of a pipe ha- 
ving an outer adhesive layer according to the invention, the 
5 cooling of the barrier layer is slower and the thus obtained 
crystalline structure of said barrier layer has improved 
mechanical properties. 

The barrier layer of a pipe with no additional outer 
layer is directly exposed to air when it leaves the extruder 

10 die at a temperature of above 200 °C. An oxidative degradation 
of the barrier layer takes place at this stage which deteri- 
orates the mechanical properties of the material . In a pipe 
coated with an additional layer outside the barrier layer 
according to the invention, the outer layer protects the bar- 

15 rier layer against said degradation during the cooling period 
and therefor the mechanical properties of the barrier layer 
is improved. 



BRIEF DESCRIPTION OF THE DRAWING 
20 The invention is described in more detail below with re- 

ference to the accompanying drawing showing by way of example 
a preferred embodiment of the invention. 
Figure 1 is a cross-sectional view of a multi- 

layer pipe according to the invention; 
25 Figure 2 is an axial cross- section of an 

expanded multilayer pipe according to 
Figure 1 with an inserted nipple; and 
Figure 3 shows the multilayer pipe according to 

Figure 2 which shrinks over the nipple. 

30 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 illustrates a cross- section of a preferred em- 
bodiment of a multilayer plastic pipe in accordance with the 
invention. The multilayer pipe 1 comprises an inner core 2 
35 which is made of cross-linked polyolefin, preferably a cross- 
linked polyethylene, a PEX-pipe. The inner core 2 is made of 
a material having viscoelastic or memory properties, i.e. a 
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material which after expansion tends automatically to retain 
to its original shape. 

A barrier layer 6 is arranged on the outside of the in- 
ner core 2 in order to prevent oxygen diffusion through the 
5 pipe 1. The material of the barrier layer 6 is preferably 
ethylene vinyl alcohol (EVOH) , which is a material which is 
commonly used as an oxygen barrier. Different modified va- 
riants of EVOH may also be used as barrier layers. Other 
known barrier materials preventing oxygen diffusion through 

10 the pipe may also be used as barrier layer within the scope 
of the invention. 

The barrier layer 6 is arranged outside the inner core 
2, preferably and in the embodiment of Figures 1-3, with an 
intermediate layer 4 between the barrier layer 6 and the in- 

15 ner core 2 of an adhesive material, an adhesive layer. The 
intermediate adhesive layer 4 is arranged in order to create 
or improve the adhesion between the inner core 2 and the bar- 
rier layer 6 of the multilayer pipe. The material of the 
adhesive layer may be any of the well know and easily avail - 

20 able products on the market having the property to adhere to 
the materials of the inner core 2 and the barrier layer 6. 
The material of the adhesive layer is preferably a modified 
polyethylene, such as for example a maleic anhydride modified 
polyethylene . 

25 According to the invention, an additional layer 8 is ar- 

ranged on the outside of the barrier layer 6 . The outer layer 
8 is an adhesive layer of the same or similar material to 
that of the intermediate adhesive layer 4 between the inner 
core 2 and the barrier layer 6 . Within the scope of the in- 

30 vention, the material of the intermediate adhesive layer 4 
and the outer adhesive layer 6, respectively, may of course 
consist of completely different materials having adhesive 
properties . 

In accordance with a preferred embodiment of the in- 
35 vention, the wall thickness of the inner core 2 is about 1,5- 
25 mm, preferably about 1,8-5 mm, whilst the three outer 
layers 4, 6, 8 are relatively thin and have similar wall 
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thicknesses. According to the preferred embodiment, the in- 
termediate adhesive layer 4 has a wall thickness of about 25- 
250 /xm, preferably 50-100 /an, and the surrounding barrier 
layer 6 has a wall thickness of about 25-250 jxm, preferably 
5 50-125 fim. According to the preferred embodiment, the thick- 
ness of the outer adhesive layer 8 is about 25-250 /xm, pre- 
ferably 50-100 fim. 

Figure 2 illustrates an axial cross-section of the mul- 
tilayer pipe 1 according to Figure 1. The end part 10 of the 
10 pipe 1 has been expanded by an expander tool, which is not 
shown. A pipe coupling or a nipple 12, for example made of 
metal or plastic, is partly inserted into the expanded end 10 
of the pipe. 

An external lock ring, not shown, of elastic material, 

15 e.g. of the same material as the inner core, may be arranged 
on the outside of the end part 10 of the pipe as a reinforce- 
ment and may be expanded together with said end part 10. 

Figure 3 illustrates how the expanded end part 10 of the 
pipe 1 tends to resume its original shape and shrinks onto 

20 the nipple 12. The pipe end 10 shrinks quickly and without 

external influence thus providing a safe and tight joint bet- 
ween the inside of the pipe end 10 and the outside of the in- 
serted part of the nipple 12 . 

The multilayer pipe 1 has a flexible outer layer 8 which 

25 adhere to the brittle barrier layer 6. The pipe end 10 may 
therefor be exposed to a rapid and substantial radial ex- 
tension, as illustrated in Figure 2, without crack formation 
or propagation occuring in any of the outer layers or in ot- 
her parts of the multi-layer pipe. 

30 It will be understood that the invention is not rest- 

ricted to the af oredescribed and illustrated embodiment and 
that several modifications are conceivable within the scope 
of the following claims . In the illustrated embodiment a bar- 
rier layer is surrounded by an inner and an outer adhesive 

35 layer, respectively. It is understood, however, that the in- 
ner adhesive layer 4 may be omitted or optionally replaced by 
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a modified barrier layer having properties which compensates 
the properties of the intermediate adhesive layer. 
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CLAIMS 

1. A multilayer plastic pipe, preferably for use in heating 
systems and comprising an inner core (2) and a barrier layer 

5 (6) surrounding the inner core and preventing oxygen diffu- 
sion through the multilayer pipe, characterized in that the 
core (2) is made of a material having viscoelastic proper- 
ties, preferably cross -linked polyethylene, and that the bar- 
rier layer (6) is surrounded by an outer layer (8) made of a 
10 material having adhesive properties. 

2. A multilayer pipe in accordance with claim 1, 
characterized in that an intermediate layer (4) of an adhe- 
sive material is arranged between the inner core (2) and the 

15 barrier layer (6). 

3. A multilayer pipe in accordance with any of claims 1-2, 
characterized in that the material of the barrier layer (6) 
is ethylene vinyl alcohol. 

20 

4. A multilayer pipe in accordance with any of claims 1-2, 
characterized in that the material of the barrier layer (6) 
is a modified ethylene vinyl alcohol. 

25 5. A multilayer pipe in accordance with any of claims 1-4, 
characterized in that the adhesive material is a modified 
polyethylene. 

6. A multilayer pipe in accordance with any of claims 1-5, 
30 characterized in that the wall thickness of the inner core 
(2) is 1,5-25 mm, preferably 1,8-5 mm, that the wall thick- 
ness of the barrier layer (6) is 25-250 ^m, preferably 50-125 
/xm, and that the wall thickness of the outer adhesive layer 
(8) is 25-250 /zm, preferably 50-100 fim. 

35 
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7. A multilayer pipe in accordance with any of claims 2-6, 
characterized in that the wall thickness of the intermediate 
adhesive layer (4) is 25-250 fiva, preferably 50-100 [im. 

5 8. Use of a multilayer plastic pipe, which comprises an 
inner core (2) and a barrier layer (6) surrounding the inner 
core and preventing oxygen diffusion through the multilayer 
pipe, for providing a pipe coupling by radial expansion and 
subsequent shrinking of the pipe onto a nipple (12) . 

10 

9. Use in accordance with claim 8, characterized in that 
the multilayer pipe (1) is provided with an outer layer (8) 
of an adhesive material on the barrier layer (6) . 

15 10. Use in accordance with claim 9, characterized in 

that the multilayer pipe (1) is provided with an intermediate 
layer (4) of an adhesive material between the inner core (2) 
and the barrier layer (6) . 



